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| NTRODUCTI ON

One part of NWWs fish programis the protection of the
downstream m gration of anadronous juvenile fish as they pass

t hrough the hydroel ectric dans. These systens are typically
referred to “bypass systens” and “hold and | oad” systenms. In
both cases the mgrating fish are guided away fromthe turbine
units and routed into a fish transportation channel. The fish
are then either dunped back into the tailrace to continue
downstream (bypass) or held in tanks for future transportation to
the Pacific Ocean by barge or truck (hold and | oad).

The hold and | oad portion of these systens al so contain fish
sanpling and testing facilities conprised of sanpling tanks,
timed gates to develop statistical data on fish nunbers, passive
integrated transponder (pit tag) detectors to detect fish
previously tagged by fish biologists, and | ab buil dings for
perform ng biological testing. These hold and | oad systens
require large anmounts of flowthrough river (raw) water to
provide fish with adequate anmounts of oxygen and nutrient rich
wat er .

The design of NWWs juvenile fish bypass and hold & | oad
facilities presents many chal |l enges due to the uni queness of the
facilities. One such area is the design of the relatively high
flow, | ow head raw water supply and drai nage systens. Like many
of the other aspects of these facilities, published design

gui dance to direct a designer is limted. CEGS 02660 “Wter
Distribution Systeni, CEGS 02720 “Storm Drai nage Systeni, and
CEGS 15400 “Pl unmbi ng, General Purpose” for exanple don’t
specifically apply to the gravity fed supply and drain systens
these facilities require. The overall design of these systens is
custom zed usi ng design gui dance material fromvarious industry
st andards and accepted recomended practice. There are many
aspects to total pipeline systemdesign, this paper will give an
overview of this design process. A conprehensive |ook at al
details is beyond the scope of this paper. It is the intent to
i ndi cate the gui dance used during design.



Over the past 9 years NWV has designed and installed new juvenile
fish facilities on four of our hydroelectric projects. Al

proj ects have extensive and conplicated raw water systens. The
systens have been operating with very few problens, down tines,

or required retro-fits which hel ps reinforce our thoughts that

t he design practice used is sound.

SYSTEM DESI GN AS A WHOLE

The custom design of these raw water systens begins with a
detail ed and invol ved hydraulic analysis of the system an
iterative approach involving tank (or water surface) elevations.
El evations are governed primarily by gravity flow fish
transportation hydraulics, a separate yet related part of the
system Required raw water flow rates are determ ned by District
fish biologists based on anticipated fish nunbers. At this stage
t he hydraulic engi neer works closely with the fish biol ogist.

After elevations, flowrates, and prelimnary |ine sizes are
established the actual design of the systembegins. This too
beconmes sonmewhat of an iterative approach between the nechani ca
and the hydraulic engineer due to actual pipe routing as opposed
to how the pipe was hydraulically nodeled. At tinmes the actua

pi peline involves many nore fittings, bends, and even |line size
changes due to site conditions. Final design nust be carefully
coordinated primarily wth the hydraulic and structural designers
to achieve a systemthat wll function properly and not cause
interference problens during installation.

Pl PE TYPES

There are many piping materials avail able today to choose from
Primary consideration in material selection should be given to
pi pe | oadi ngs due to system design pressures, external |oads on
buried pipe, and | oads involved with above grade supported pipe.
Anot her inportant factor in the design of these fish handling
facilities is materials in contact wwth the raw water, mainly the
supply side. WMany typically used naterials are toxic to juvenile
fish. Care nmust be used in the selection of pipe |linings, wetted
val ve parts, fittings, and all other itens that cone in contact
with the raw water supply system A partial listing of the
materials to be avoided incl ude:

Zi nc (gal vani zi ng)

Copper



Br ass
Coal Tar

These itenms [imt the designer in pipe lining materials
specification for steel pipe and val ve sel ecti on.

For design of the actual raw water supply and drain piping
systens we have utilized a conmbi nation of existing standards from
i ndustry. Anong the standards used are those published by the
American Water Wbrks Associ ation (AWM), The Anerican Iron and
Steel Institute (AISI), Anerican National Standards Institute
(ANSI ), Anerican Society for Testing Materials (ASTM, and the
Manuf act urers Standardi zati on Society of the Valve and Fittings
| ndustry (MSS). In the subparagraphs that follow are a
description of sone of the piping nmaterials used in these
facilities, sone reference standards, and other required

consi derati ons.

POLYVI NYL CHLORI DE PLASTI C PI PE ( PVC)

PVC is used primarily in the fish transportation piping systens
due to it’s interior snoothness and the fact that it can be
heat ed and bent for snmpoth | arge radius bends. PVC has al so been
used in the raw water supply systemin areas where headl oss was a
prime concern and for econom cal reasons. Friction flow
coefficients for PVC are | ower than nost other materials used
all ow ng the hydraulic designer to get a little nore flow given
the same pipe dianeter and head difference. Also in certain
sizes and installations, PVC can be an economcal alternative to
other materials, this requires evaluation on a case by case

basi s.

For exposed installations PVC nust be painted using an al kal
resistant primer with latex top coat to prevent pipe danmage from
the sun’s UV rays. This presents a mai ntenance concern since

t hese paint systens nust be touched up on occasions. Therma
nmovenent in long runs nust al so be considered. PVC s length
changes approximately 9nm (3/8-inch) in 30.5m (100-ft) for every
5.6 °C (10° F) change in tenperature. W have al so experienced
failures due to rapid closures of butterfly valves in PVC |ines.
This pronoted a change in our specifications to have butterfly
val ves 10mm (4-inches) and | arger be supplied with geared
operators as opposed to | ever operators to reduce the possible
speed of operation.

Sone of the various types of PVC and reference publications used
i ncl ude:



ASTM D 1785. This standard covers PVC in schedul ed sizes (40,
80, and 120) up through 600mm (24-inch) pressure rated for
water. This pipe is typically joined using solvent cenent or
el astonmeric seal belled joints, solvent cenment fittings, or
threaded fittings for Sch 80 and Sch 120.

ASTM D 2241. This standard covers SDR Series PVC in |PS outside
di aneter sizes up through 900mm (36-inch) pressure rated for
water. This pipe is typically joined using solvent cenment or
el astoneric seal belled joints or solvent cenent fittings.

AWM C 900. This standard covers dinension ratio (DR) Series PVC
in cast iron (Cl) outside dianmeter sizes up through 300nm (12-
inch) primarily used for underground water distribution
systens. This pipe is typically joined using elastoneric seal
bell ed joints.

POLYETHYLENE PI PE ( PEP)

PEP is also used primarily for fish transportation piping in the
juvenile fish bypass systens. PEP is desired for this purpose
because it can be continuously joined by thermal butt fusion.
The joint bead is renoved on the inside of the pipe joint
providing a very snooth, joint free passage for the fish. The
bead is removed fromthe interior by hand if the pipe is |arge
enough for access or by a specially devel oped nachine on the
smal l er dianmeters. This pipe can also be bent through | arge
radi us bends to elimnate the need for fittings in the fish
transport |ine.

PEP is also used in the raw water supply and drain lines. Like
PVC, PEP has snooth interior for better hydraulic conditions and,
at tinmes, can be nore econom cal than other materials. Wen
supported overhead a major concern is thermal novenent. This

pi pe’s | ength changes approximately 28mm (1 1/8-inch) in 30.5m
(100-ft) for every 5.6 °C (10° F) change in tenperature. This is
about 3 tines that of PVC. Another consideration in overhead PEP
pi pelines is sag of the pipe between supports. This sag is a
function of pipe tenperature and support spacing.

The actual pipe material should be specified. Itens to consider
in the material spec include type, grade, treatnents for W
protection, and restrictions on the use of recycled material.
ASTM D 3350 is a good reference to use when specifying PEP pipe
and the material to be used in it’s construction.

Sonme of the various PEP reference publications used include:

ASTM F 714. This standard covers SDR series PEP in outside



di aneters from 80mm (3-inch) up through 1200mm (48-i nch)
pressure rated. This pipe is typically joined using thermal
butt fusion plastic welds or plastic flanges having steel
backi ng rings.

ASTM D 3350. This standard covers the naterial to be used in the
construction of the pipe according to a cell classification
system The cell classification systemincludes information
such as density, tensile strength, hydrostatic design basis,
and UV stabilizers. A cell classification should always be
i ncluded in a PEP specification.

AWM C 906. This standard covers dinension ratio (DR) PEP in |IPS
pi pe sizes from 100mm (4-inch) up through 1600mm (63-i nch)
pressure rated for water service. This pipe is typically
joined using thermal butt fusion plastic welds or plastic
fl anges having steel backing rings.

PRESTRESSED CONCRETE CYLI NDER PI PE ( PCCP)

PCCP is a pipe type referred to as concrete pressure pipe. This
pipe is typically used for underground water distribution |ines.
PCCP is offered in two different configurations but is typically
manufactured with a steel cylinder having a concrete |ining and
coating with a pretensioned wire wapped around the outside
coating putting the concrete and steel systemin conpression.
This pretensioned wired is then coated with another concrete

| ayer for corrosion protection. The steel cylinder acts as the
pressure boundary and aids in the beam strength of the pipe. End
connections are also nmade of steel and are wel ded to the cylinder
provi ding an o-ring gasket bell and spigot type joint.

PCCP is suitable for pressures up to 3450 kPa (500 psi) and can
be designed to withstand specified external |oads. Pressure
ratings are achi eved by design of the pretensioning wapped wre
system and external |oadings are handled primarily by the
concrete design

Sonme of the various PCCP reference publications and design
manual s used i ncl ude:

AWM C 301. This standard covers PCCP in dianmeters from 400mm
(16-i nch)up through 3650mm (12-foot), |arger sizes are also
manuf act ured based on the concept of this standard. This
standard di scusses the design of the pipe only and not the
installation

AWM Manual M. This discusses the handling, delivering, |aying
field testing, and disinfection of concrete pressure pipe.



CONCRETE CYLI NDER PI PE ( CCP)

CCP is also referred to as concrete pressure pipe. This pipeis
typically used for underground water distribution lines. CCP is
manufactured with a nortar |ined steel cylinder having a steel
rod wapped around it under tension foll owed by the application
of a concrete coating. In this systemthe steel cylinder and
nmortar lining are placed in conpression by the wapped tension
rod. The steel cylinder acts as the pressure boundary and aids
in the beamstrength of the pipe. End connections are also nmade
of steel and are welded to the cylinder providing an o-ring
gasket bell and spigot type joint.

CCP is suitable for pressures up to 2760 kPa (400 psi) and can be
designed to withstand specified external |oads. Pressure ratings
are achieved by design of the pretensioning wapped wire system
and external |oadings are handled primarily by the concrete

desi gn.

Some of the various CCP reference publications and desi gn manual s
used i ncl ude:

AWM C 303. This standard covers CCP in dianeters from 250mm
(10-i nch)up through 1520mm (60-i nch), |arger sizes and higher
desi gn pressures have al so been manufactured based on the
concept of this standard. This standard di scusses the design
of the pipe only and not the installation.

AWM Manual M. This discusses the handling, delivering, |aying
field testing, and disinfection of concrete pressure pipe.



STEEL PI PE (SP)

St eel pipe has been used for well over 100 years for many

di fferent purposes and is presently offered in a wide variety of
sizes, steel types, and reference standards. Steel pipe can be
custom desi gned for nost applications or standard off the shelf
sizes may be specified depending on the application. Mst of the
pi pe used in the juvenile fish facilities is | arge enough that
standard pipe is not an option. Steel pipe has been used for
both raw water piping as well as fish transportation piping.
When used for fish transportation, |arge dianeter steel pipe is
bent through radiused curves with butt wel ded joints providing
snooth fish passage.

Designing wwth steel pipe allows many possible variations to be
used in support types, coatings, |inings, end connections,
pressure ratings, and actual sizes as will be discussed

t hroughout the renai nder of this paper.

Sonme of the various SP reference publications and desi gn nmanual s
used i ncl ude:

AWM C 200. This standard covers wel ded strai ght-seam spiral-
seam or seanmless SP in dianeters from 150mm (6-inch) and
| arger. The standard specifies actual pipe sizes only by
reference to other standards as specified by the purchaser.
In general the standard covers only the fabrication and
testing of the pipe, such as; steel grades, welding
requi renents, hydrostatic testing, end preparations, and
tol erances. O her considerations nust be dealt with using
ot her reference publications or custom specifications.

AWM C 206. This standard covers the field welding of AWM C200
steel pipe joints. It covers three types of circunferenti al
pipe joints: lap joints, butt joints, and butt-strap joints.

AWM C 208. This standard provides overall dinensions for
fabricated steel pipe fittings. The standard is a dinensional
gui de only and doesn’t discuss wall thickness, pressure
ratings, structural design, or custom design of reinforced
fittings. The actual design nust be done by the designer or
t he pi pe supplier based on specified design conditions.

ASTM A 53. This is one of the nore commn standards and covers
seanl ess and wel ded steel pipe in nom nal pipe sizes (NPS)

1
from3mm ( s-inch) up through 660mm (26-inch) in plain black
steel or hot-di pped gal vanized. This pipe is intended for
mechani cal and pressure applications and is acceptable for



uses in steam water, gas, and air lines. Wen specifying
this type of pipe the Gade, Type, and finish should be
specifically called out.

ASTM A 134. This standard covers wel ded strai ght seamor spira
seam steel pipe in nom nal pipe sizes (NPS) 400nm (16-inch)
3

and larger wwth wall thickness’ up to 19mm ( 2-inch). When
specifying this type of pipe the Gade, size, steel wall

t hi ckness, and hydrostatic test pressure should be
specifically called out.

ASTM A 135. This standard covers wel ded steel pipe in nom nal
3
pi pe sizes (NPS) 19mm ( 4-inch) up through 750mm (30-i nch)
1

with wall thickness’ up to 12.7nm ( 2-inch). This pipe is

i ntended for gas, vapor, water, or other liquid service. Wen
specifying this type of pipe the Gade, size, steel wall

t hi ckness, purpose of the pipe, and test procedures should be
specifically called out.

ASTM A 139. This standard covers wel ded strai ght seamor spira
seam steel pipe in nom nal pipe sizes (NPS) 100nm (4-inch) up
t hrough 2330mMm (92-inch) with wall thickness’ up to 25.4mm (1-
inch). The grades of steel used are pipe mll grades having
mechani cal properties which differ fromstandard pl ate grades.
This pipe is intended for gas, vapor, or liquid service. Wen
specifying this type of pipe the Gade, size, steel wall
t hi ckness, purpose of the pipe, and hydrostatic test pressure
shoul d be specifically called out.

AWM Manual ML1, Steel Pipe - A Guide for Design and
Installation. This guide is used by the designer in the
design of steel pipe systenms. The guide provides principles
and procedures which nust be used al ong with good engi neering
judgnent. It may be referenced in the specifications if
specific sections and criteria are stated. This guide is one
of the better ones to aid the designer in steel pipe design.

Al SC Steel Plate Engineering Data; Volune 3. This is a design
manual for wel ded steel pipe and provides design criteria for
steel pipe up to 6100mm (240-inch) in dianeter, under
conditions of internal pressure and external |oads nost
commonl y encount er ed.

Anmerican PetroleumlInstitute (APlI) is occasionally referenced on
pi pe submttals, specifically APl Spec 5L, Line Pipe.

GENERAL CONSI DERATI ONS FOR STEEL PI PELI NE DESI GN



The sections that follow di scuss steel pipeline design as it has
been performed on our fish facility projects. The design
procedures are found in AWM Manual ML1 (ML1l) using specific
requi renents in AWM C 200 unl ess stated ot herw se

Pl PE SI ZE

Size is first governed by hydraulic needs. The actual size and
effects on hydraulics are typically iterated during design to
achi eve the proper hydraulic function along with using avail able
pi pe sizes, sizes of pipe appurtenances, and |linings. Actual
pi pe routing may al so govern size if space is limted.

STEEL TYPE

AWM C 200 al lows a nunber of different grades of steel. The
actual grade used will depend on required strength as determ ned
by the pipeline design. |In general, AWM ML1 suggests using

desi gn stresses not exceeding 50% of the steel’s m nimum
published yield strength. AWM C 200 all ows steels having

m ni mum yi el d points ranging from 206.8 MPa (30,000 psi) to 413.7
MPa( 60,000 psi) allow ng design stresses of 103.4 MPa (15, 000
psi) to 206.8 MPa (30,000 psi), respectively. Availability of
the desired grade of steel should be checked prior to specifying
it. Also, in sone cases higher strength steel grades cost little
or no nore than the | ower strengths so sone investigation into
costs up front can lead to a nore econom cal design

DESI GN PRESSURE

When designing around a certain line pressure or specifying a
wor ki ng pressure for the pipeline and appurtenances, the designer
shoul d consider anticipated working pressure, test pressures
speci fied, and any surge or water hammer pressures which may be
encountered due to punp cycling or fast valve closures. Note
that ML1 allows the design stress to be taken at 75% of the

m nimumyield due to conbined transitory surge pressure and
static pressure.

WALL THI CKNESS ( PRELI M NARY)

Steel pipe wall thickness nmust be specified. Cenerally wall

t hi ckness i s governed by a conbination of |oads. To determ ne
the final required wall thickness, design pressure |oads nust be
properly conmbined with external |oads for buried pipe and a
variety of | oads encountered on pi pe supported above grade.
Vacuum pressures nust al so be considered if they are anti ci pated.

Required wall thickness due to pressure |oads is found using:



pd
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The m ni num al | owabl e thi ckness required for handling of any pipe
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Up to 1370mm (54-inch) 1D

D%20
400

t= Greater than 1370mm (54-inch) ID
pi pe di aneter

D
t wal | thickness

Pi pe wall thickness shall never be |l ess than 14 gauge.

As a quick reference, TABLE 4-2 of ML1 publishes pipe wall stress
as a function of pipe size, wall thickness, and working pressure.

EXTERNAL LQADS ON BURI ED PI PE

External | oads on buried pipe are generally a conbi nation of
earth | oads from backfill and live loads fromtraffic. |In sone
cases there may be concentrated | oads on the buried pipe due to
heavy equi pnment traveling over the pipe during the construction
process for instance. ML1 provides nethods to anal yze both
concentrated | oads and typical earth and normal traffic |oads.
The effect of the external |oadings on the pipe is a function of
certain soil conditions and installed procedures. These itens
shoul d be discussed with the Cvil/Soils Engi neer.

Pipe wall thickness is determned fromstrength needs to l[imt
defl ection and prevent buckling.

Pl PE SUPPORTED ABOVE GRADE

Stresses and | oads on pipelines supported above grade which nust
be considered in pipe wall determ nation are:

Local i zed stress at support



Fl exure stress in pipe span

Ring stress due to internal pressure

Wei ght of |inings and coati ngs

Wei ght of fluid in pipe

Wei ght of pipe wall itself

Stress risers caused by pipe half-full condition

Thrust | oads

Ther mal stresses

Sei sm c | oads

Snow and wi nd | oads

Poi nt | oads due to val ves or couplings

PROTECTI VE COATI NGS AND LI NI NGS

Specifying a protective coating and lining for steel pipe is the
first defense in corrosion control. Corrosion control is a
science in itself and other nmethods will not be discussed here.
There are many good publications and reference materials on
corrosion control available, too many to |list here.

Coating selection should consider the conpatibility with the
installed environnment, potential damage caused by handling and
installing, and ease of field repair nethods to insure a good
long terminstalled protective coating.

Li ning sel ection should consider fluids to be transported,

snoot hness for hydraulic flow resistance, ease of field repair,
and toxicol ogical requirenents for fish water supply or potable

suppl y.

Before specifying a lining system the designer should check on
pi pe size restraints in the proposed reference specification.
Many lining systens are |imted to |arger pipe sizes allow ng
access for repair.

Sonme of the nore common steel pipe coating and |ining reference
publ i cations used i ncl ude:

AWM C 203. Coal -Tar Protective Coatings and Linings for Stee



Wat er Pipelines, Enanel and Tape, Hot-Applied. This systemis
toxic to fish, use as coatings and drain systemlinings only
in fish facilities.

AWM C 205. Cenent-Mrtar Protective Lining and Coating for
Steel Water Pipe. This systemis used extensively for bel ow
grade coatings and linings in fish facility design.

AWM C 209. Col d-Applied Tape Coatings for the Exterior of
Speci al Sections, Connections, and Fittings for Steel Water
Pi pel i nes.

AWM C 210. Liquid Epoxy Coating Systens for the Interior and
Exterior of Steel Water Pipelines. This system has been
specified for the interior of large fish transportation steel
pi pelines having butt welded joints. Pipeline nust be |arge
enough to allow access for interior joint repair.

AWM C 213. Fusion-Bonded Epoxy Coating for the Interior and
Exterior of Steel Water Pipelines. This is a high perfornmance
and expensive system Field repair is very specialized al so.

AWM C 214. Tape Coating Systens for the Exterior of Steel Water
Pipelines. This is a factory applied three-layer coating
system

AWM C 602. Cenent-Mrtar Lining of Water Pipelines - In Place.
This standard di scusses the nortar lining of pipelines in
pl ace i ncluding both new and existing pipelines.

Pai nt System 16. This is used for pipe coating on above grade
pi pe havi ng at nospheric exposure and receiving a colored
finish.

Pai nt System 21. This is used for above grade pi pe exposed to a
nmor e harsh environnent, possibly having the exterior subnerged
or constantly wetted.



PI PE JO NTS

There are many pipe joints available. Things to consider when
specifying joints are:

Required flexibility

Dissimlar nmetals isolation for corrosion protection
Restraint required due to pressure/thrust | oads

Ther mal novenent al |l owance

Lining and coating repair

Install ation tol erance

Seism c isolation

Pl PE TESTI NG

Specific testing procedures should be included in every pipeline
design. It is a good idea to have test procedures submtted for
approval along wth the pipeline |ayout drawings in order to

al l eviate problens encountered after the pipe is installed.
Specified testing procedures should be detailed including | ength
of test, allowable | eakage or pressure loss, cycling of valves,
and net hods of test water disposal.

STEEL PI PE SUPPORTED ABOVE GRADE

The previous section nentioned itenms to | ook for when designing a
steel pipeline supported above grade. Chapter 7, “Supports for

Pi pe” of AWM Design Manual ML1 is a good reference when

desi gning these types of systenms. ML1 al so references nmany good
rel ated publications on this topic.

WALL THI CKNESS ( FI NAL)

Prelimnary wall thickness for steel pipe was discussed
previously. The final wall thickness required is the heavier
wal |l as determned fromeither the prelimnary design or the
detailed stress design. The detailed stress design nust | ook at
critical stress areas on the pipeline. The two areas of concern
are the stress at the point of support and the stress at m dspan.



Stress at the Support

In general there are two net hods of supporting |arge di aneter
thin wall steel pipe, saddl e supports or ring-girders. Ring-
girders typically allow | onger spans for pipe due to their higher
| oad carrying capability than saddles. Ring-girders stiffen the
circular section of the pipe wall at the highly | oaded support
area allowing it to performas a beam Saddl e supports cause
high localized stresses in the unstiffened steel wall at the tips
and edges of the saddle support. In either case, total stress at
the support is a conbination of stresses and is typically the
governing stress as opposed to the stress at m dspan, beam
stress. Equations referenced in the paragraphs that follow are

t hose out of ML1.

For pipe with restrai ned ends supported by saddl es the maxi num
stress at the support is a conbination of the foll ow ng stresses:

Local i zed stress at the saddle (reaction stress), Eq (7-1)

Fl exure stress at support plus 25% of hoop stress due to internal
pressure (beamtype and pressure stress), Eq (7-2)

For pipe supported on ring-girders the maxi mum stress in the pipe
shell at the support is a conbination of the follow ng stresses:

Combi ned maxi mum | ongi tudi nal stress (beamtype stress), Eq (7-6)
Maxi mum ri m bendi ng stress (internal pressure stress), Eq (7-7)

Ri ng-girder design is an iterative approach due to the nature of
the stress in the girder as it relates to the stress in the pipe
wal |, as one goes up the other goes down.

Stress at Md Span and Final Wall Thickness Determ nation

Stress at md span, or beamtype flexure stress, is also a
concern and may be the stress which governs wall thickness. As
menti oned above, greater spans can be achieved with the use of
ring girder supports. The ring girder nmaintains the pipe’'s
circular cross section allowng it to better act as a typical
beam (O herwi se, large dianeter thin wall pipe tends to flatten
out at the highly | oaded supports causing it to | oose sonme of
it’s sectional nodulus. The stress at md span is cal cul ated by
appl ying the proper |oads and the use of typical beam equations.
Loads used on overhead supported pipe were previously discussed.
Fi nal steel pipe wall thickness is then determ ned by conparing
all stresses found in the final analysis and providing for worst



case.

CONCLUSI ON

There are many considerations in the design of piping systens and
even nore so for facilities handling juvenile fish. The designer
shoul d take a systematic approach to ensure all details are
covered in order to provide a functional, |ow nmaintenance,
economcal, and long life water supply and drain system
Iterative approaches are encouraged in the design of pipelines
supported above grade. Spans can be nmani pul ated by changi ng
support types allow ng | onger spans requiring fewer structural
supports.
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